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Introduction

First described in 1957, Moyamoya vasculopathy is charac-
terized by progressive stenosis of the intracranial internal
carotid arteries and their proximal branches.1 This restric-

tion in blood flow to downstream areas of the brain results in
strokes and gradual development of collateral small vessels.
On neuroimaging, the appearance of these abnormal lentic-
ulostriate collateral vessels is commonly described as a “puff
of smoke,” which is translated to Moyamoya in Japanese.
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Abstract Stroke in infancy is a rare phenomenon but can lead to significant long-term disability. We
present the story of a 6-month-old Old Order Amish infant with underlying Williams
syndrome, a rare neurodevelopmental disorder caused by a microdeletion, encompassing
the elastin gene that produces abnormalities in elastic fibers of the lungs and vessels. This
infant presentedwith lethargy, irritability, and a new-onset generalized tonic-clonic seizure.
Brain magnetic resonance imaging (MRI) was consistent with ischemic stroke in the
supratentorial regions. MR angiogram demonstrated bilateral narrowing of the internal
carotid arterieswith “ivy sign,” suggestive ofMoyamoya.Moyamoya disease/syndrome is a
cerebrovascular condition that is associated with progressive stenosis of the intracranial
vessels and can cause ischemic stroke in young children. Targeted mutation analysis
revealed a homozygous c.1411–2A>G splice site variant in the SAMHD1 gene, consistent
with a diagnosis of Aicardi–Goutières syndrome type 5 (AGS5), an autosomal recessive
condition with multisystem involvement. In our unique case of infantile stroke with
Moyamoya syndrome and dual diagnosis of Williams syndrome and AGS5, both diagnoses
likely contributed to the cerebrovascular pathology. This case report highlights the
importance of suspecting and testing for multiple genetic abnormalities in children
presenting with Moyamoya-related stroke.

received
April 11, 2021
accepted after revision
September 4, 2021
published online
December 1, 2021

© 2021. Thieme. All rights reserved.
Georg Thieme Verlag KG,
Rüdigerstraße 14,
70469 Stuttgart, Germany

DOI https://doi.org/
10.1055/s-0041-1739131.
ISSN 0174-304X.

Short Communication204

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

Article published online: 2021-12-01

https://orcid.org/0000-0002-0124-255X
https://orcid.org/0000-0002-2599-9119
mailto:Rishi.Ganesan@lhsc.on.ca
https://doi.org/10.1055/s-0041-1739131
https://doi.org/10.1055/s-0041-1739131


Ages of presentation are bimodal, with peaks of incidences
occurring in children around 5 years of age and adults at
40 years of age.2Due to the impaired cerebral perfusion distal
to the stenotic internal carotid arteries, children with Moya-
moyavasculopathy are at an increased riskof ischemic stroke
and may present with seizures, hemiparesis, dysarthria,
aphasia, and cognitive impairment.1,3 Moyamoya syndrome
(secondary Moyamoya) usually develops secondary to an
underlying disorder such as trisomy 21, sickle cell disease,
Williams syndrome (WS), or neurofibromatosis. Herein, we
describe a unique case of a 6-month-old infant with ischemic
stroke found to have Moyamoya syndrome in the context of
rare dual genetic diagnoses occurring in the same child,
contributing to her cerebrovascular pathology.

Case Presentation

A 4-day old female infant, born at 37 weeks’ gestation to Old
Order Amish parents, was originally seen bymedical genetics
with regard to intrauterine growth restriction, anemia and
thrombocytopenia, small ventricular septal defect, and mild
left pulmonary artery stenosis. Chromosome microarray
revealed the 1.4 Mb deletion at 7q11.23, consistent with a
diagnosis of WS. At 2 months of age, she developed a 2-day
history of fever and cough. On arrival, the child was hypoxic
and required continuous positive airway pressure. She de-
veloped worsening hypoxia and hypercapnia, which
prompted endotracheal intubation. There were unexplained
episodes of desaturations and bradycardia with poor tidal
volumes. Chest computed tomography (CT) imaging revealed
collapse of the left upper bronchus upon expiration without
extrinsic compression and a hyperlucent left upper lobe
herniating across the mediastinum. These findings were
consistent with congenital lobar emphysema (CLE). She
underwent lobectomy of the left upper lobe and was suc-
cessfully extubated and discharged home.

At 6 months of age, this infant returned to the emergency
room with 2 days of lethargy and irritability. On examination,
shewas also found to havehypotonia and a head circumference
of 42cm (30th percentile). Given concerns for meningitis,
lumbar puncture revealed cerebrospinal fluid (CSF) with ele-
vated glucose 4.6 mmol/L, elevated protein 523mg/L, pleocy-
tosis with nucleated cells of 32�106/L, lymphocytes 62%, and
erythrocytes of 8�106/L. During her stay, she exhibited gener-
alized tonic-clonic seizures, and treatment for status epilepticus
aborted the seizure activity. Brain CT demonstrated extensive
areas of ill-defined hypoattenuation and loss of gray-white
differentiation in the bilateral middle and anterior cerebral
artery territories, with associated local mass effect, suspicious
for early ischemic change (►Supplement Figure S1; available
online only). Interestingly, foci of parenchymal calcification
were also noted adjacent to the right frontal horn
within/adjacent to the right head of caudate and in the deep
left frontalwhitematter. The childwasmanaged in thepediatric
critical care unit with appropriate neuroprotective measures,
including seizure prophylaxis, maintenance of normoglycemia,
and targeted temperature management. Brain magnetic reso-
nance imaging (MRI) identified widespread, bilateral, supra-

tentorial cortical/subcortical diffusion restriction and edema,
greater on the right, concerning for an acute arterial ischemic
stroke (►Fig. 1). Intracranial MR angiogram demonstrated
narrowing of the internal carotid arteries bilaterally with the
“ivy sign,” suggestive of sluggish blood flow in Moyamoya
syndrome (►Fig. 2); no definite collateral vessels were present.
With concern for ischemic strokeandMoyamoya syndrome, the
child was started on unfractionated heparin and continued on
other neuroprotective interventions. A follow-up brain MRI on
day 5 demonstrated extensive bilateral supratentorial strokes
involving the frontoparietal regions but sparing the deepwater-
shed white matter. On day 14 of hospitalization, the child was
discharged home with persistent left-sided weakness, diffuse
hypertonia, and intermittent abduction of both eyes. Notably,
follow-upMR angiogramwas performed 3months later, which
revealed progression of the internal carotid artery stenosis and
the development of subtle collateral vessels (►Supplementary

Figure S2; available online only).
Medical genetics consultation was requested. A search

using the terms “stroke” and “Amish” in the Amish, Menno-
nite, and Hutterite Genetic Disorders Database (http://www.
biochemgenetics.ca/plainpeople) yielded the possible

Fig. 1 (A) Axial diffusion-weighted images (DWI). Diffusion restric-
tion involving the entirety of the bilateral frontal lobes and right
parietal lobe, and small areas in the right occipital and left parietal
lobes. (B) Axial T2-weighted and axial fluid-attenuated inversion
recovery (FLAIR) images demonstrate extensive cortical swelling and
hyperintensity with abnormal hyperintense signal, extending into the
subcortical white matter, corresponding to areas of diffusion restric-
tion (►Fig. 1A), compatible with early ischemic change.
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diagnosis of Aicardi–Goutières syndrome type 5 (AGS5).4

Targeted mutation analysis of the SAMHD1 gene (associated
with AGS5) for the pathogenic variant known to be present in
the Amish community was undertaken. Results confirmed
that the child was homozygous for the c.1411–2A>G splice
site variant.

Discussion

We present a unique case of an Old Order Amish infant with
dual diagnoses ofWS and Aicardi–Goutières syndrome (AGS)
with ischemic strokes secondary to Moyamoya syndrome.

First described in 1984, AGS5 is a rare multisystem genetic
disorder characterized by a mutation in SAMHD1 gene on
chromosome 20q11.23.1AGS5 is associatedwith intracerebral
large artery disease and progressive encephalopathy in infan-
cy, observedwith increased frequency in the Old Order Amish
population due to founder effect. There are at least seven
different genes associated with an AGS presentation, with
either autosomal dominant or recessive inheritance pattern.5

Our patient presented with nonspecific signs of ischemic
stroke consisting of irritability, decreased level of conscious-
ness, and seizure activity. A previous case series of eight
patients with AGS found that all had symptoms of acquired
microcephaly, spasticity, dystonia, seizures, and rapid deteri-
oration to death.6 CT findings of AGS include severe and
progressive brain atrophy, intracranial calcifications most
commonly localized to the basal ganglia, and deep white
matter hypodensities.6–8 These image findings were also
seen in our patient. CSFfindings in our patientwere consistent
with the typical findings found inAGS of lymphocyte predom-
inance. PersistentCSF lymphocytosiswas observed in a review

of 27 patients with AGS, suggesting an inflammatory process,
with high CSF interferon-α levels.7 Cerebral vasculopathy has
been described in the literature as a common feature in
patients with AGS5 associated with SAMHD1 mutations.9

AGS can be associatedwith pathogenic variants in other genes
such as the TREX1 and RNASEH2A/2B; however, these genes
have not been associated with large artery disease.9

The existing literature is limited with regard to children
with AGS5 also experiencing Moyamoya syndrome. Xin et al
described a cohort of 14 patients of Old Order Amish with
stroke in early infancy and vasculopathy and the same
c.1411–2A>G homozygous variant in SAMHD1 as seen in
our patient.10 Despite significant phenotypic heterogeneity
and clinical presentation in their cohort, cerebral vasculop-
athy was a hallmark with multifocal stenosis in large intra-
cranial arteries, specifically the distal internal carotid artery
and proximal middle cerebral artery andMoyamoya pattern.
Each patient with stroke in this study initially presentedwith
seizure activity, again similar to our patient who presented
in status epilepticus. Dysregulated inflammatory stress re-
sponse was speculated to be the mechanism of the vascular
changes. With regard to treatment options, SAMHD1 has
been associated with increased production of proinflamma-
tory cytokines such as interferon-α2, and there may be
potential benefit for monoclonal antibodies and other im-
munosuppressive agents. However, in our patient, we did not
initiate treatment specific to SAMHD1 due to the extensive
nature of her cerebral infarcts at presentation.

WS is a raremultisystemcontiguousgene syndrometypical-
ly caused by a 7q11.23 microdeletion, characterized by distinc-
tive facial features, hypercalcemia, and supravalvular aortic
stenosis (SVAS).11 This deletion includes the elastin (ELN)
gene, which is associated with SVAS, peripheral pulmonary
stenosis, andcerebral arterystenosis, leading to stroke.11Elastin
is a highly cross-linked protein which plays a critical role in
tissues which require elastic recoil, such as the lungs, smooth
muscle cells in the airways, pulmonary vasculature, and endo-
thelial cells. It has been demonstrated that elastin plays an
important role in lungdevelopment and conditions, resulting in
the loss or destruction of elastin, which is amajor factor in lung
pathologies including congenital lobar emphysema that this
was afflicted with.12 Other case reports have also found an
association with WS and cerebrovascular stenosis.13

Further, a possible association between WS and Moya-
moya syndrome has been investigated in only two previ-
ous pediatric case reports, in which both patients had a
fatal outcome. In the first reported case, an 18-year-old
female with WS died of intracerebral hemorrhage due to
Moyamoya syndrome.14 In the other case, a 9-year-old boy
with WS developed a hemiparesis following coarctation
repair and was found to have severe stenosis of the
bilateral internal carotid arteries and Moyamoya on
MRI.15 Two days after indirect anastomosis, the child
deteriorated with widespread cerebral infarction and sub-
sequently died.

In conclusion, we present a unique case of a young Old
Order Amish infant with WS and AGS who developed ische-
mic stroke. A likely explanation is that both the SAMHD1

Fig. 2 3D reconstructions of time-of-flight magnetic resonance (MR)
angiography. Severe narrowing of the cavernous internal carotid
arteries is present, more marked on the right, with occlusion in the
supraclinoid segment bilaterally (white arrows). No significant col-
lateral vasculature is noted. Posterior communicating arteries are
present bilaterally with reconstitution of the internal carotid arteries
at this level. The middle cerebral arteries are diminutive bilaterally,
smaller on the right.
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mutation associated with AGS and the deletion of the ELN
gene seen in WS increased this very young infant’s predis-
position to cerebral vasculopathy. We emphasize that an
atypical age of onset of vasculopathy and stroke should
prompt further workup for underlying etiology. Further,
patients of Old Order Amish descent with signs and symp-
toms of stroke should be tested for AGS5. To the best of our
knowledge, this is the first case report of a patient with two
rare genetic diagnoses that increased the risk of cerebral
vasculopathy and stroke.
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